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Abstract
© 2018 American Physical Society. The magnetic specific heat of RbFeSe2 and the spin state of
Fe3+ ions in the compound have been studied. Phonon dispersion and phonon density of states
(PDOS), element specific and total, were evaluated from first-principles calculations. It is shown
that  iron  atoms  in  quasi-one-dimensional  chains  have  dramatically  different  vibrational
properties against Rb and Se atoms: the Fe PDOS is mostly concentrated within two Einstein-like
optical phonon peaks at high frequencies. Analysis of our Mössbauer data for RbFeSe2, utilizing
the calculated Fe PDOS as well  as  our  optical  absorption measurements,  have shown full
agreement with the location of the high-frequency optical-type lattice vibrations within the
FeSe4 tetrahedra. The calculated PDOS was utilized to evaluate the lattice contribution to the
specific heat. The phonon heat capacity has been used to evaluate the magnetic specific heat of
the quasi-one-dimensional  antiferromagnetically correlated Fe3+ ion chains in RbFeSe2. An
intermediate spin state S=3/2 has been found most closely relevant to our magnetic entropy
analysis for Fe3+ ions in RbFeSe2.
http://dx.doi.org/10.1103/PhysRevB.98.214411
References
[1] Y. Kamihara, T. Watanabe, M. Hirano, and H. Hosono, J. Am. Chem. Soc. 130, 3296 (2008). 10.1021/ja800073m
[2] G. Stewart, Rev. Mod. Phys. 83, 1589 (2011). 10.1103/RevModPhys.83.1589
[3] E. Dagotto, Rev. Mod. Phys. 85, 849 (2013). 10.1103/RevModPhys.85.849
[4] M.  Fang,  H.  Wang,  C.  Dong,  and  Q.  Huang,  J.  Phys.:  Conf.  Ser.  449,  012015  (2013).  10.1088/1742-
6596/449/1/012015
[5] H. Takahashi, A. Sugimoto, Y. Nambu, T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du,
C. Kawashima, H. Soeda, S. Nakano, Y. Uwatok, Y. Ueda, T.Sato, and K. Ohgushi, Nat. Mater. 14, 1008 (2015).
10.1038/nmat4351
[6] Z. Seidov, H.-A. Krug von Nidda, V. Tsurkan, I. G. Filipova, A. Günther, T. P. Gavrilova, F. G. Vagizov, A. G.
Kiiamov, L. R. Tagirov, and A. Loidl, Phys. Rev. B 94, 134414 (2016). 10.1103/PhysRevB.94.134414
[7] M. R. Harrison and M. G. Francesconi, Coord. Chem. Rev. 255, 451 (2011). 10.1016/j.ccr.2010.10.008
[8] W. Bronger, Angew. Chem. 20, 52 (1981). 10.1002/anie.198100521
[9] W. Bronger and P. Müller, J. Alloys Compd. 246, 27 (1997). 10.1016/S0925-8388(96)02459-0
[10] W. Bronger, A. Kyas, and P. Müller, J. Solid State Chem. 70, 262 (1987). 10.1016/0022-4596(87)90065-X
[11] D. Welz, P. Deppe, W. Schaefer, H. Sabrowsky, and M. Rosenberg, J.  Phys. Chem. Solids 50, 297 (1989).
10.1016/0022-3697(89)90492-7
[12] Z. Seidov, H.-A. Krug von Nidda, J. Hemberger, A. Loidl, G. Sultanov, E. Kerimova, and A. Panfilov, Phys. Rev. B
65, 014433 (2001). 10.1103/PhysRevB.65.014433
[13] E. B. Asgerov, N. T. Dang, A. I. Beskrovnyy, A. I. Madadzada, D. I. Ismayilov, R. N. Mehdiyeva, S. H. Jabarov, and
E. M. Karimova Semiconductors 49, 879 (2015). 10.1134/S1063782615070039
[14] M. Nishi and Y. Ito, Solid State Commun. 30, 571 (1979). 10.1016/0038-1098(79)91138-4
[15] D. Welz, M Kohgi, Y. Endoh, M. Nishi, and M. Arai, Phys. Rev. B 45, 12319 (1992). 10.1103/PhysRevB.45.12319
[16] D. Welz, S. Itoh, and A. D. Taylor, Europhys. Lett. 34, 293 (1996). 10.1209/epl/i1996-00453-y
[17] D. Welz and M. Nishi, Phys. Rev. B 45, 9806 (1992). 10.1103/PhysRevB.45.9806
[18] G. K. Wertheim, Mössbauer Effect: Principles and Applications (Academic, New York, 1964), Chap. 4.
[19] Ph.  Gütlich,  E.  Bill,  and  A.  X.  Trautwein.  Mössbauer  Spectroscopy  and  Transition  Metal  Chemistry.
Fundamentals and Applications (Springer-Verlag, Berlin, 2011), Chap. 2.
[20] D.  C.  Johnston,  S.  C.  Mraw,  and  A.  J.  Jacobson,  Solid  State  Commun.  44,  255  (1982).  10.1016/0038-
1098(82)90443-4
[21] M.  Aldzhanov,  N.  Guseinov,  G.  Sultanov,  and  M.  Nadzafzade,  Phys.  Status  Solidi  B  159,  K107  (1990).
10.1002/pssb.2221590257
[22] J.  B.  He, D. M. Wang, H. L.  Shi,  H.  X.  Yang, J.  Q. Li,  and G. F.  Chen, Phys.  Rev. B 84, 205212 (2011).
10.1103/PhysRevB.84.205212
[23] H. Lei, H. Ryu, A. I. Frenkel, and C. Petrovic, Phys. Rev. B 84, 214511 (2011). 10.1103/PhysRevB.84.214511
[24] Y. Nambu, K. Ohgushi, Sh. Suzuki, F. Du, M. Avdeev, Y. Uwatoko, K. Munakata, H. Fukazawa, S. Chi, Y. Ueda,
and T. J. Sato, Phys. Rev. B 85, 064413 (2012). 10.1103/PhysRevB.85.064413
[25] H. Lei, H. Ryu, V. Ivanovski, J. B. Warren, A. I. Frenkel, B. Cekic, W.-G. Yin, and C. Petrovic, Phys. Rev. B 86,
195133 (2012). 10.1103/PhysRevB.86.195133
[26] F. Du, K. Ohgushi, Y. Nambu, T. Kawakami, M. Avdeev, Y. Hirata, Y. Watanabe, T. J. Sato, and Y. Ueda, Phys.
Rev. B 85, 214436 (2012). 10.1103/PhysRevB.85.214436
[27] G. Kresse and J. Hafner, Phys. Rev. B 47, 558 (1993). 10.1103/PhysRevB.47.558
[28] G. Kresse and J. Hafner, Phys. Rev. B 49, 14251 (1994). 10.1103/PhysRevB.49.14251
[29] G. Kresse and J. Furthmuller, Comput. Mater. Sci. 6, 15 (1996). 10.1016/0927-0256(96)00008-0
[30] G. Kresse and J. Furthmuller, Phys. Rev. B 54, 11169 (1996). 10.1103/PhysRevB.54.11169
[31] P. E. Blöchl, Phys. Rev. B 50, 17953 (1994). 10.1103/PhysRevB.50.17953
[32] J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996). 10.1103/PhysRevLett.77.3865
[33] H. J. Monkhorst and J. D. Pack, Phys. Rev. B 13, 5188 (1976). 10.1103/PhysRevB.13.5188
[34] K. Parlinski, Z. Q. Li, and Y. Kawazoe, Phys. Rev. Lett. 78, 4063 (1997). 10.1103/PhysRevLett.78.4063
[35] Y. V. Lysogorskiy, R. M. Eremina, T. P. Gavrilova, O. V. Nedopekin, D. A. Tayurskii, JETP Lett. 100, 652 (2015).
10.1134/S002136401422010X
[36] A. Dal Corso, J. Phys: Condens. Matter 25, 145401 (2013). 10.1088/0953-8984/25/14/145401
[37] J. Guo, S. Jin, G. Wang, S. Wang, K. Zhu, T. Zhou, M. He, and X. Chen, Phys. Rev. B 82, 180520 (2010).
10.1103/PhysRevB.82.180520
[38] R. Mittal, M. K. Gupta, S. L. Chaplot, M. Zbiri, S. Rols, H. Schober, Y. Su, Th. Brueckel, and T. Wolf, Phys. Rev. B
87, 184502 (2013). 10.1103/PhysRevB.87.184502
[39] C. Kittel, Introduction to Solid State Physics, 7th ed. (Wiley, New York, 1996), Chaps. 4 and 5.
[40] J. M. Ziman, Electrons and Phonons, the International Series of Monographs on Physics (Clarendon, Oxford,
1960), Chap. 1.
[41] L. D. Landau and E. M. Lifshitz, Statistical Physics, 3rd ed., Part 1 (Course of Theoretical Physics, Vol. 5), revised
and enlarged by E. M. Lifshitz and L. P. Pitaevsky (Pergamon, New York, 1980).
[42] J. C. Bonner and M. E. Fisher, Phys. Rev. 135, A640 (1964). 10.1103/PhysRev.135.A640
[43] L. J. de Jongh and A. R. Miedema, Adv. Phys. 23, 1 (1974). 10.1080/00018739700101558
[44] S. K. Tiwary and S. Vasudevan, Phys. Rev. B 56, 7812 (1997). 10.1103/PhysRevB.56.7812
[45] J. J. Quinn and K.-S. Yi. Solid State Physics. Principles and Modern Applications (Springer-Verlag, Berlin, 2009),
Sec. 10.7.
[46] N. D. Mermin and H. Wagner, Phys. Rev. Lett. 17, 1133 (1966). 10.1103/PhysRevLett.17.1133
[47] A. Gelfert and W. Nolting, J. Phys.: Condens. Matter 13, R505 (2001). 10.1088/0953-8984/13/27/201
[48] D. W. Hone and P. M. Richards, Annu. Rev. Mater. Sci. 4, 337 (1974). 10.1146/annurev.ms.04.080174.002005
[49] J. C. Bonner, J. Appl. Phys. 49, R1299 (1978). 10.1063/1.325026
[50] Physics in One Dimension, in Proceedings of an International Conference Fribourg, Switzerland, August 25-29,
1980, Springer Series in Solid-State Sciences Vol. 23, edited by I. Bernasconi and T. Schneider (Springer-Verlag,
Berlin, 1981), Part III: Magnetic Chains.
[51] D. C. Dender, D. Davidović, D. H. Reich, C. Broholm, K. Lefmann, and G. Aeppli, Phys. Rev. B 53, 2583 (1996).
10.1103/PhysRevB.53.2583
[52] D. C. Dender, P.  R. Hammar, D. H. Reich, C. Broholm, and G. Aeppli,  Phys. Rev. Lett.  79, 1750 (1997).
10.1103/PhysRevLett.79.1750
[53] M. Oshikawa and I. Affleck, Phys. Rev. Lett. 79, 2883 (1997). 10.1103/PhysRevLett.79.2883
[54] I. Affleck and M. Oshikawa, Phys. Rev. B 60, 1038 (1999). 10.1103/PhysRevB.60.1038
[55] F. H. L. Essler and A. M. Tsvelik, Phys. Rev. B 57, 10592 (1998). 10.1103/PhysRevB.57.10592
[56] F. H. L. Essler, Phys. Rev. B 59, 14376 (1999). 10.1103/PhysRevB.59.14376
[57] D. Broholm, G. Aeppli, Y. Chen, D. C. Dender, M. Enderle, P. R. Hamraar, Z. Honda, K. Katsumata, C. P. Landee,
M. Oshikawa, L. P. Regnault, D. H. Reich, S. M. Shapiro, M. Sieling, M. B. Stone, M. M. Turnbull, I. Zaliznyak, and
A. Zheludev, Magnetized states of quantum spin chains, in High Magnetic Fields, Applications in Condensed
Matter Physics and Spectroscopy, Springer Lecture Notes in Physics, Vol. 595, edited by C. Berthier, L. P. Levy,
and G. Martinez (Springer-Verlag, Berlin, 2002), p. 211-234.
[58] I. Dzyaloshinskii, J. Phys. Chem. Solids 4, 241 (1958); 10.1016/0022-3697(58)90076-3
[59] T. Moriya, Phys. Rev. 120, 91 (1960). 10.1103/PhysRev.120.91
[60] B. Schmidt, P. Thalmeier, and P. Fulde, Europhys. Lett. 35, 109 (1996). 10.1209/epl/i1996-00540-7
[61] M. Köppen, M. Lang, R. Helfrich, F. Steglich, P. Thalmeier, B. Schmidt, B. Wand, D. Pankert, H. Benner, H. Aoki,
and A. Ochiai, Phys. Rev. Lett. 82, 4548 (1999). 10.1103/PhysRevLett.82.4548
[62] F. Steglich, M. Köppen, P. Gegenwart, T. Cichorek, B. Wand, M. Lang, P. Thalmeier, and B. Schmidt, Acta Phys.
Pol. A97, 91 (2000). 10.12693/APhysPolA.97.91
[63] B. Schmidt, H. Aoki, T. Cichorek, P. Gegenwart, A. Ochiai, and F. Steglich, J. Phys. Soc. Jpn. 71S, 64 (2002).
10.1143/JPSJS.71S.64
